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Abstract

Background: To reveal the changes of intestinal microbial abundance and composition, as well as the microbiota
metabolic levels of bile acids and short chain fatty acids of healthy preschool children during their growth.

Methods: Feces of 120 healthy newborns and 150 healthy children aged 6 months to 6 years were collected. Then
the composition of intestinal flora was analyzed by 16S rRNA, and the contents of bile acids and short chain fatty acids
in feces were detected by LC-MS and GS methods, respectively.

Results: The composition and function of intestinal microflora were not stable in neonatal period but significantly
improved at 6 months after birth, and gradually stabilized and tended to adult-like formation after 2-3years old. The
levels of short chain fatty acids and secondary bile acids were consistent with the development of gut microbiota.

Conclusion: The age of 6months may be a critical period for the development of intestinal microflora in children.
Keywords: Gut microbiota, Children development, Microbial metabolism, Bile acids, Short chain fatty acids

Background

Gastrointestinal microorganisms are a diverse commu-
nity of bacteria, archaea, fungi, unicellular organisms,
and viruses, which inhabit the intestines of all mammals.
Studies on humans and other mammals have shown that
gut microbes are involved in a series of physiological pro-
cesses that are critical to host health, including energy
homeostasis, metabolism, intestinal epithelial health,
immune activity, and neurobehavioral development [1,
2]. Changes in gastrointestinal microbiota are reported to
associate with the occurrences and developments of mul-
tisystem diseases, including inflammatory bowel disease,
asthma, obesity, metabolic syndrome, cardiovascular dis-
ease, immune system disease and neurodevelopmental
conditions, such as autism spectrum disorders [3—6]. The
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interaction between the gut microbes and the host has a
profound impact on the development of health and dis-
eases [7].

Human gut microbiota plays an important role in
health and disease from prenatal to childhood. Studies
have shown that the microorganisms in the human body
at the early stage of birth play an important role in the
regulation of human development and maturity [8]. A
study on human microbiota in the first 1000days (from
pregnancy to 2years old) showed that intestinal micro-
bial succession has an important impact on the growth
and development of children [9]. There are studies on
the gut microecology of preterm infants and the influ-
ence of feeding methods on the gut microflora develop-
ment of preterm infants [10], the influence of delivery
mode on the composition of gut microflora [11], and
the gut microflora of children with autism spectrum dis-
order [12, 13]. From infant to pre-school age (0—6years
old) is a critical period for the growth and development
of children’s various systems, but the development and
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succession of gut microflora of healthy 0—6-year-old chil-
dren remains poorly revealed.

The gastrointestinal microorganism is considered as a
metabolic “organ” and central regulator of host metabo-
lism which can not only help decompose and absorb
of nutrients and energy from food but also produce
numerous metabolites and regulate host metabolism
[14]. Recently, with the further research of gastrointes-
tinal microorganism, the short chain fatty acids (SCFAs)
and bile acids (BAs) are two of the major metabolites
produced by gut microbiota and paly important role in
human homeostasis and health [15, 16]. Dietary fibers
are metabolized into SCFAs, mainly acetate, propionate,
and butyrate by the fermentation of intestinal microor-
ganisms [17]. In this process, the host biosynthesis of pri-
mary bile acids (PBAs), which then enters the intestine
through the liver-gut axis and is uncoupled and trans-
formed into secondary bile acids (SBAs) by intestinal
microbiota [18], and that’s why the bile acid metabolism
is also a typical example of host-gut microbial co-metab-
olism. From the beginning of life, the composition and
function of intestinal microflora are dynamic and mature
with age. The composition and development of intestinal
microflora are affected by diet structure, environment,
and other factors. At the same time, it affects host health
and disease occurrence and development by regulating
the metabolism level of the host.

In order to reveal the composition and function
changes of gut flora in preschool children from birth
to 6years old, we analyzed and compared the gut flora
composition of 120 newborns born in the First Affiliated
Hospital of Kunming Medical University in 2015 and 150
healthy children aged from 6 months to 6years old who
underwent physical examination in the First Affiliated
Hospital of Kunming Medical University from 2015 to
2016 in the present study. Meanwhile the levels of BAs
and SCFAs in the feces of these participants, which can
reflect the influence of gut flora on metabolic level in a
certain extent, were also determined.

Methods

Participants and sample collection

All human studies were approved by the Hospital Ethical
Committee of First Affiliated Hospital of Kunming Medi-
cal University in Yunnan Province, China, and written
informed consents were obtained from the custodians of
each participant before samples collecting. A total of 120
neonates (0—28 days after birth) all came from obstetrics
department of the First Affiliated Hospital of Kunming
Medical University in 2015. All the newborns were born
in term labor with an average weight of 3.21+0.23kg,
breastfed after birth, mothers were in good health dur-
ing pregnancy and did not use antibiotics before delivery.
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One hundred fifty healthy children aged from 6 months
to 6 years old who underwent physical examination in the
First Affiliated Hospital of Kunming Medical University
from 2015 to 2016 were selected and met the following
criteria: a) body mass index was in the normal range, and
the dietary structure of each age group was similar; b) no
allergic disease, gastrointestinal disease, or immune sys-
tem disease; no family history of genetic and metabolic
diseases; ¢) no antibiotics and probiotics were used in the
past 4weeks. These 270 participants were divided into
nine groups (n=30 per group) according to the ages: 3
d-old group (g group), 7 d-old group (h group), 14 d-old
group (i group), 25 d-old group (j group), 6 m-old group (f
group), 1 y-old group (e group), 2 y-old group (d group),
3 y-old group (c group) and 6 y-old group (b group).

Stool samples were collected from participants of each
group, kept at —20°C upon defecation and within the
same day delivered frozen to Main Microbiology labora-
tory of the First Affiliated Hospital of Kunming Medical
University, where aliquots of each sample were stored at
—80°C for further processing. The study design overview
was shown as Fig. S1.

Gut microbiome measurement

DNA extractions

DNA from different samples was extracted using the
E.Z.N.A.®Stool DNA Kit (D4015, Omega, Inc., USA)
according to manufacturer’s instructions. The reagent
which was designed to uncover DNA from trace amounts
of sample has been shown to be effective for the prepa-
ration of DNA of most bacteria. Nuclear-free water was
used for blank. The total DNA was eluted in 50 pL of Elu-
tion buffer and stored at —80°C until measurement in
the PCR by LC-Bio Technology Co., Ltd., Hang Zhou,
Zhejiang Province, China.

PCR amplification and 16S rDNA sequencing

The V3-V4 region of the prokaryotic (bacterial and
archaeal) small-subunit (16S) rRNA gene was ampli-
fied with primers 341F (5-CCTACGGGNGGCWGC
AG-3) and 785R (5-GACTACHVGGGTATCTAATC
C-3') [19]. The 5’ ends of the primers were tagged with
specific barcodes per sample and sequencing universal
primers. PCR amplification was performed in a total vol-
ume of 25 L reaction mixture containing 25ng of tem-
plate DNA, 12.5puL PCR Premix, 2.5uL of each primer,
and PCR-grade water to adjust the volume. The PCR
conditions to amplify the prokaryotic 16S fragments con-
sisted of an initial denaturation at 98°C for 30s; 32 cycles
of denaturation at 98°C for 10s, annealing at 54°C for
30s, and extension at 72°C for 45s; and then final exten-
sion at 72°C for 10min. The PCR products were con-
firmed with 2% agarose gel electrophoresis. Throughout
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the DNA extraction process, ultrapure water, instead of
a sample solution, was used to exclude the possibility of
false-positive PCR results as a negative control. The PCR
products were purified by AMPure XT beads (Beckman
Coulter Genomics, Danvers, MA, USA) and quantified
by Qubit (Invitrogen, USA). The amplicon pools were
prepared for sequencing and the size and quantity of the
amplicon library were assessed on Agilent 2100 Bioana-
lyzer (Agilent, USA) and with the Library Quantification
Kit for Illumina (Kapa Biosciences, Woburn, MA, USA),
respectively. The libraries were sequenced on NovaSeq
PE250 platform.

Data analysis

Samples were sequenced on an Illumina NovaSeq plat-
form according to the manufacturer’s recommendations,
provided by LC-Bio. Paired-end reads was assigned to
samples based on their unique barcode and truncated
by cutting off the barcode and primer sequence. Paired-
end reads were merged using FLASH. Quality filtering
on the raw reads were performed under specific filtering
conditions to obtain the high-quality clean tags accord-
ing to the fqtrim (v0.94). Chimeric sequences were
filtered using Vsearch software (v2.3.4). After dereplica-
tion using DADA2,we obtained feature table and feature
sequences. Alpha diversity and beta diversity were calcu-
lated by QIIME2,which the same number of sequences
were extracted randomly through reducing the number
of sequences to the minimum of some samples, and the
relative abundance (X bacteria count/total count) is used
in bacteria taxonomy. Alpha diversity and Beta diversity
were analyzed by QIIME2 process, and pictures were
drawn by R (v3.5.2). The sequence alignment of species
annotation was performed by QIIME2 plugin feature-
classifier, and the alignment database was SILVA and
NT-16S.

Determination of bile acid level

The concentration of bile acids in feces was analyzed
by LC-MS. Before the test, 10mg fecal samples were
mixed with 50 uL of methanol internal standard solu-
tion containing cholic acid-D4, chenodeoxycholic
acid-D4, lithocholic acid-D4, deoxycholic acid-D4, and
ursodeoxycholic acid-D4 (Cambridge Isotope Labo-
ratory), and incubated overnight at 4°C with 6ml of
chloroform: methanol (2:1, volume: Volume) solution.
Then PBAs and SBAs were quantified by LC-quadru-
pole time-of-flight/MS isotope dilution method accord-
ing to the steps previously reported [20]. The data were
standardized by the dry weight of fecal samples and
expressed in pg/g.
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Determination of SCFAs level

The fecal samples were weighed and suspended in 1 mL
water, containing 9% formic acid per 0.1g, then homog-
enized by a vortex for 2min, and centrifuged at 12000x g
for 15min. Each mL of water supernatant was extracted
with 1 mL ether at 4°C for 8h, and then centrifuged at
12000xg for 10min. Diethyl ether extracts was trans-
ferred into the sample bottle for further measure.

The quantitative determination of SCFA in fecal sam-
ples was carried out by gas chromatography equipped
with flame ionization detector (FID) and N10149 auto-
matic liquid sampler (Agilent, USA), and all operating
procedures were carried out in accordance with previous
reports [10].

Statistical analysis

Depending on the data distribution, a Kruskal-Wallis test,
or One-way ANOVA test followed by Bartlett’s test for
equal variances (Bonferroni’s Multiple Comparison Test,
95% CI) was used to calculate significance levels between
experimental groups. P<0.05 was considered significant.
Graph generation and statistical analyses were performed
using GraphPad Prism 5.

Results

Diversities of gut Flora

The intestinal microflora diversity of the 9 participant
groups was evaluated by alpha diversity and beta diver-
sity. As shown in Fig. 1, both the richness (Chao 1 index)
and evenness (Shannon index) of the gut flora species
kept in a lower level during neonate period (g - j groups)
but obviously increased from 6-month-old (f group),
then stabled and kept in a higher level from 3-year-old to
6-year-old (c — b groups).

Beta diversity refers to the species diversity among dif-
ferent environmental communities. The weighted PCoA
results showed the sample dispersion in 3-day-old group
(g group) was in lowest level and began to increase
from neonate period to 2-year-old (h — d groups), then
decreased from 3-year-old (c group) and kept in a lower
level of 6-year-old group (b group) (Fig. 2a). The NMDS
analysis was also to detect the species similarity among
samples. The results showed that the species composi-
tions from birth to 14-day-old (g — I groups) were simi-
lar, and the distance between 3-year-old (c group) and
6-year-old (b group) was less than it between other
groups (Fig. 2b).

Compositions and functions of gut Flora

To analyze the species composition of each sample, the
SILVA (Release 132, https://www.arb-silva.de/docu-
mentation/release-132/) and NT-16S databases were
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Fig. 1 The alpha diversity of the gut flora in different groups. a Chao 1 index and b Shannon index indicated the richness and evenness of the
species in each group, respectively. Kruskal-Wallis test was used to determine the difference among these 9 groups. *p <0.05, **p <0.01, ***p<0.001

establish the differences of beta diversity among these 9 groups
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Fig. 2 The beta diversity of the gut flora in different groups. a Principal coordinates analysis (PCoA) and b Multidimensional scaling (NMDS) were
performed to detect the species diversity among different environmental communities. The weighted unifrac results were shown in the figure to

used for species annotation and stacked bar chart was
used to exhibit the species compositions in each group.
As shown in Fig. 3a, there were four major phyla in the
gut flora: Proteobacteria, Firmicutes, Bacteroidetes, Act-
inobacteria, the abundance of Proteobacteria decreased
gradually from birth to 6years old, in contrary with the
increasing of the abundances of Firmicutes and Bacte-
roidetes. The relative abundances of phylum showed that

Proteobacteria was the main composition of gut flora
during the neonate period (g — j groups) while the domi-
nant populations became Firmicutes and Bacteroidetes
from 6-month-old to 6-year-old (f — b groups) (Fig. 3a
and c). And the genus abundance showed that the gut
flora in neonate was mainly composed by Escherichia-
Shigella (g — j groups) while the abundance of Bacteroides
and other species gradually increased to become the
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dominant population from 6-month-old to 6-year-old (f
— b groups) (Fig. 3b and d).

To reveal the functional differences of gut flora among
the samples, the function prediction was performed by
PICRUSt2 (Phylogenetic Investigation of Communities
by Reconstruction of Unobserved States, https://github.
com/picrust/picrust2), and relative database of COG, EC,
KO, PFAM, TIGRFAM were used to note the functions
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of the intestinal flora. Here just showed the results from
COG dataset. The results showed that there was no
significant functional difference between 3 d and 25 d
groups, and the functions of gut flora in neonates were
mainly enriched in FAD/FMN-containing dehydroge-
nase and AMP-forming/AMP-acid ligase II and others
(Fig. 4a). On the contrary, the functions of gut flora in
25 d group and 6 y group showed obvious difference in
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Fig. 4 The functional prediction of intestinal flora. The functional differences between 3-day old (g group) and 25-day old (j group) (a), and
between 25-day old (j group) and 6-year old (b group) (b) were predicted by PICRUSt2 method and the results from COG dataset were shown in
the figure
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ATPase component, Cytidylate kinase, Site-specific DNA
recombinase related to the DNA invertase Pin, DNA-
binding transcriptional regulator-XRE family, and other
functions (Fig. 4b).

Level of bile acids

In the present study, we detected the concentrations of
both primary bile acids (PBAs) and secondary bile acids
(SBAs) in all 270 stool samples of nine groups of the par-
ticipants. The results showed that there was no signifi-
cant difference in fecal concentrations of PBAs, including
cholic acid (CA) and chenodeoxycholic acid (CDCA),
among the nine groups (Fig. 5a, b). As shown in Fig. 5a,
the fecal CA content of newborn infants was extremely
low only at 3 days after birth, and then it increased and
seemed to remain stable until 6years old. In addition,
there were significant individual differences in fecal
CA content among subjects in 3d, 7d, 1y,3 vy, and 6
y groups, especially in 3 y group and 6 y group. Mean-
while, the fecal CDCA content was at a low level from
3days to 2years old, while the fecal CDCA level was
rarely increased after 3years old (Fig. 5b). However, there
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were individual differences of fecal CDCA contents in 3
y and 6 y old children, and the data of these two groups
showed obvious dispersion. Different from the changes of
the content of primary bile acids, the contents of SBAs,
including lithocholic acid (LCA), deoxycholic acid (DCA)
and ursodeoxycholic acid (UDCA) in the stool samples of
9 groups were significantly different (Fig. 5c-e); the level
of fecal SBAs was lower in neonatal period (3d-25d), then
began to increase from 6m, and remained stable after
3years old. It should be noted that the fecal LCA and
DCA levels of the 7 d newborns had a significant sud-
den increasing, but the individual differences within the
group were obviously observed, and the data dispersion
was remarkably high (Fig. 5¢, d). In general, the PBAs
metabolism did not change significantly from birth to
preschool, while the SBAs metabolism changed signifi-
cantly around 6m and tended to be stable after 3years
old.

Level of short chain fatty acids (SCFAs)
The study examined the concentrations of acetic acid
(AA), propionate (PA), butyrate (BA), isobutyric acid
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(IBA), and isovaleric acid (IVA) in all 270 stool samples
of nine groups of the participants. It can be seen from
the results that there were obvious individual differ-
ences of fecal AA contents in each group, but overall, the
fecal AA level was lower in the 3 d neonates, and there
was no significant difference from 7 d to 25 d, but with a
certain increasing compared with 3 d, then the AA level
increased significantly at 6 m with highest data dispersion
in this group (Fig. 6a). Thereafter, the fecal AA level grad-
ually stabilized until 6 y and remained at a higher level
than neonatal period accompanying the reducing of indi-
vidual difference. The changes of PA and BA were simi-
lar, both of them kept a lower level in the neonatal period
(from 3 d to 25 d), and gradually increased with age from
6m to 6 y and tended to stable after 2years old (Fig. 6b,
c). As Fig. 6d shown, the level of IBA did not change sig-
nificantly from 3 d to 25 d, and remained at a very low
level; then it increased significantly at 6 m after birth, and
remained unchanged after that, but with obvious individ-
ual difference. The concentration of fecal IVA was at low
lever, and it seemed that there was an up regulation of
IVA at 6 m (without statistical significance); after that, the
average content of IVA remained at this level but lager
individual difference (Fig. 6e). In summary, the levels of
the SCFAs kept in lower levels in neonatal period and
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showed an obvious increasing at 6m after birth except
UDCA, and all of them tended to be stable after 2years
old.

Discussion

In the past few years, more and more reports have
revealed that there is a critical relationship between gut
microflora and various chronic disease. The intestinal
microecology acted on human health through gut-liver
axis, gut-lung axis and gut-brain axis and so on [21].
Intestinal microbes play an important role in mammalian
homeostasis and health [22], including providing essen-
tial nutrients [23], metabolizing dietary fiber into short
chain fatty acids (SCFAs) [24], and ensuring the nor-
mal development of the immune system [25]. Therefore,
intestinal microbiota was considered to be a key factor
affecting early life development and lifelong health.

As previous studies reported, the complete coloniza-
tion of gut microbiota may occurred at prior to birth
[26], and the gut microbiota developed into a relatively
stable, adult-like configuration within the first 3years of
life [27]. The results showed that from birth to 6 m after
birth, the formation of intestinal microflora in infants
was mainly related to delivery mode, feeding mode, anti-
biotic exposure and environmental factors; then mainly
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affected by weaning and solid food intake from 6m to
18 m; and gradually tended to be a relatively stable and
adult-like formation from 18 m to 36 m [11]. In addition,
some studies have demonstrated that the development
of pediatric intestinal flora lasts from childhood to ado-
lescence [28, 29]. Ringel-Kulka T et al. [29] has reported
that the diversity of intestinal microflora (both abun-
dance and richness) in adults is significantly greater than
that in 1-4years old children, and there are differences
in multiple phylogenetic groups between children and
adults at the genus level.

The intestinal microflora diversity was evaluated by
alpha diversity and beta diversity in our research. As we
all know, alpha diversity refers to the diversity within a
specific environment or ecosystem, mainly used to reflect
species richness and evenness and sequencing depth and
alpha diversity is mainly through the indexes of Chaol,
Observed species, Goods coverage, Shannon and Simp-
son were used to reflect the richness and uniformity of
the species in samples. Beta diversity refers to the spe-
cies diversity among different environmental communi-
ties. Beta diversity and alpha diversity together constitute
the overall diversity or the biological heterogeneity of
certain environmental communities. The aim of PCoA
analysis is to observe the difference between individual
samples or groups of samples, the distance between dif-
ferent samples represents the difference of species com-
position. Our results showed that the Chao 1 index
which indicated the abundance of gut flora was lower
at neonatal period and obviously increased at 6m while
the Shannon index which indicated the uniformity of gut
flora was gradually increased from birth to 6years old
(Fig. 1). After 3years old, the intestinal microbial com-
munity of children has shown a similar composition to
that of adults, and is mainly characterized by two major
phyla: Bacteroidetes and Firmicutes (Fig. 3). These results
are consistent with previous reports and suggested that it
may be a critical period for the development of intestinal
flora in infants around 6 months of birth.

In addition to intestinal microflora, a large number
of intestinal microbial metabolites are also one of the
components of intestinal microecology. SCFAs (mainly
acetate, butyrate, and propionate) produced by intestinal
microbial ferment dietary fiber are important functional
substances in intestinal microenvironment, which are
produced by intestinal microbial ferment dietary fiber
[16, 24]. The diversity of intestinal microflora plays an
important role in the production of SCFAs. Most SCFAs
are produced in cecum and proximal colon, Bacteroidetes
and Firmicutes are the two dominant bacteria produc-
ing SCFAs [30]. Acetate, butyrate, and propionate are
the most abundant in intestinal SCFAs, and butyric acid
can be produced by Firmicutes and Bacteroidetes [31].
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As shown in Figs. 3 and 6, the content of SCFAs in feces
all increased with the increase of the abundance of Fir-
micutes and Bacteroidetes from 6-month-old. SCFAs are
considered to be an endogenous protective substance,
which can decrease the gut lumen PH, inhibit the growth
of pathogens, and regulate immune cell function through
SCFA receptor on cell surface to maintain intestinal
microecology stability [16]. In particular, butyric acid
can enhance the intestinal epithelial barrier and modu-
late the gut immunol function [32]. As our results shown,
the concentrations of three major SCFAs in stools, ace-
tate (AA), propionate (PA), and butyrate (BA), were sig-
nificantly higher than isobutyrate (IBA) and isovalerate
(IVA), and the concentrations of fecal SCFAs kept in
a lower lever during the neonatal period (0-28 d after
birth), then increased at 6 months old and gradually
tended to be stable after 2 years old (Fig. 6). The change of
SCFAs was observed to be accompanied with the devel-
opment of gut flora from birth to 6 years old.

Another important function of human intestinal micro-
organisms is to decompose primary bile acids (PBAs)
through the liver-gut circulation of bile acids, and then
convert them into secondary bile acids (SBAs) which are
more meaningful for human health [15]. The microbial
metabolism of bile acids increases the diversity of bile
acids and the hydrophobicity of bile acid pools, which is
conducive to the fecal excretion of bile acids. The mass of
SBAs produced by intestinal flora is about 5% of the total
bile acids [33]. Most bile acids (90%) are reabsorbed at
the end of the ileum via the apical membrane Na depend-
ent bile salt transporter (ASBT). The PBAs that are not
reabsorbed by ASBT enter the colon and are metabolized
into SBAs by 7-dehydroxylation under the action of Fir-
micutes in the intestinal flora [15]. In addition, Firmicutes
and Bacteroidetes are also involved in the microbial trans-
formation of bile acids, which produce oxygen- (or keto-)
bile acids under the action of these bacteria containing
hydroxysteroid dehydrogenase (HSDHs) [15, 33]. From
the results of this study, the fecal contents of bile acids,
especially SBAs, increased from 6-month-old, which
accompanied with the increasing of the abundances of
Firmicutes and Bacteroidetes in intestinal flora after neo-
nate period (seen Figs. 3 and 5). Bile acids have endocrine
functions and participate in the regulation of host metab-
olism, especially fat metabolism [15]. Therefore, bile acid
composition is of great significance to human health. The
crucial relationships between microbial bile acid metabo-
lism and inflammatory bowel disease (IBD, i.e., ulcerative
colitis and Crohn’s Disease), liver cirrhosis, liver cancer,
irritable bowel syndrome, jejunal syndrome, obesity and
other diseases have been confirmed [15, 34]. As seen in
Fig. 5, the concentrations of fecal PBAs had no significant
change from birth to 6years old, while the fecal SBAs
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kept in a lower level during neonatal period and began
to increase from 6 months old. Because the production
of SBAs was more depended on the composition of gut
microbiota, the content of fecal SBAs in infants was also
according to the development of intestinal flora. At the
same time, the time when SBAs content changed sig-
nificantly and the change trend with age was consistent
with the change of SCFAs content (Figs. 5 and 6). About
6 months after birth was a key time point for the increase
of SBAs and SCFAs.

However, this study also has several limitations. First
and most important, since this study is not a prospective
cohort study, the effects of possible confounding factors
such as mode of production (natural delivery, cesarean
delivery), feeding mode (breastfeeding, milk powder
feeding or mixed feeding), dietary conditions (dietary
fiber, dietary culture or food habits) on the develop-
ment of children’s intestinal flora were not considered,
the results of this study may have conclusion deviation.
Second, because the participants involved in the study
were not the same group of children who were followed
up from birth to preschool, but nine groups of partici-
pants from different ages, the research results could not
directly reflect the dynamic changes of intestinal flora
development in the growth process from newborns to
preschool children, but only reflected the differences in
the composition of intestinal flora of subjects at differ-
ent ages. In order to get more accurate conclusions, in
the follow-up study, the subjects need to be followed up
longitudinally to obtain continuous data, and then the
dynamic development and changes of intestinal flora in
the growth and development of preschool children are
confirmed through prospective longitudinal study. As
well, in the process of the research, factors such as deliv-
ery mode, feeding mode, dietary structure and changes in
health status should be included in the scope of research,
so as to analyze whether the development and changes of
intestinal flora are affected by these factors.

Conclusion

In conclusion, the colonization and development of intes-
tinal microflora in children mainly occurred in the first
3 years of life. The age of 6 months was a critical period
of children development. At this stage, the abundance
and function of intestinal flora began to increase and
improve, which significantly promoted the metabolism of
SCFAs and BAs.

Abbreviations

SCFAs: Short chain fatty acids; AA: Acetic acid; PA: Propionate; BA: Butyrate; IBA:
Isobutyric acid; IVA: Isovaleric acid; BAs: Bile acids; PBAs: Primary bile acids; CA:
Cholic acid; CDCA: Chenodeoxycholic acid; SBAs: Secondary bile acids; LCA:

Page 10 of 11

Lithocholic acid; DCA: Deoxycholic acid; UDCA: Ursodeoxycholic acid; LC-MS:
Liquid chromatography-mass spectrometry; GS: Gas Chromatography; HSDHs:
Hydroxysteroid dehydrogenase; IBD: Inflammatory bowel disease.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512887-021-03099-9.

[ Additional file 1: Figure S1.The overview of the study design. }

Acknowledgements
Not applicable.

Authors’ contributions

All authors contributed substantially to this manuscript. All authors read and
approved the final manuscript. JJ X contributed majorly to this manuscript,
she participated in all experiments and was the major contributors in writing
the manuscript. HW H and CZ X participated fecal samples collection and
data analysis; JWY, and M L contributed the detection of fecal bile acids; LZ Z
and Y D contributed to the detection of fecal short chain fatty acids. And YK
H contributed to conception and design this study and guided the writing of
manuscript.

Funding

This study was supported by grants from the National Natural Science Foun-

dation of China (Grant No.81360068). The fund provided financial support for
this study, and the fund owner mainly contributed in the research design and
manuscript writing.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate

All human studies were approved by the Hospital Ethical Committee of First
Affiliated Hospital of Kunming Medical University in Yunnan Province, China
(Approval Number: (2020) L no. 24), and written informed consents were
obtained from the custodians of each participant before samples collecting.

Consent for publication
Not applicable.

Competing interests

The authors declare that the research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential
conflict of interest.

Author details

'Department of Pediatrics, the First Affiliated Hospital of Kunming Medical
University, No. 295, Xichang Road, Xishan District, Kunming 650032, China.
’Department of Statistics, School of Public Health, Kunming Medical Univer-
sity, Kunming 650000, China. *Yunnan Center for Disease Control and Pre-
vention, 158 Dongsi Street, Xishan District, Kunming 650022, Yunnan, China.
“Department of Clinical Laboratory, the First Affiliated Hospital of Kunming
Medical University, Kunming 650032, China.

Received: 8 April 2021 Accepted: 23 December 2021
Published online: 06 January 2022

References
1. Das B, Nair GB. Homeostasis and dysbiosis of the gut microbiome in
health and disease. J Biosci. 2019;44(5).


https://doi.org/10.1186/s12887-021-03099-9
https://doi.org/10.1186/s12887-021-03099-9

Xiong et al. BMC Pediatrics

20.

21.

22.

23.

24.

(2022) 22:25

Shreiner AB, Kao JY, Young VB. The gut microbiome in health and in
disease. Curr Opin Gastroenterol. 2015;31(1):69-75.

Clavijo V, Florez MJV. The gastrointestinal microbiome and its association
with the control of pathogens in broiler chicken production: a review.
Poult Sci. 2018;97(3):1006-21.

Barko PC, McMichael MA, Swanson KS, Williams DA. The gastrointestinal
microbiome: a review. J Vet Intern Med. 2018;32(1):9-25.

Wright EK, Kamm MA, Teo SM, Inouye M, Wagner J, Kirkwood CD. Recent
advances in characterizing the gastrointestinal microbiome in Crohn’s
disease: a systematic review. Inflamm Bowel Dis. 2015;21(6):1219-28.
Cao X, Lin B, Jiang P, Li C. Characteristics of the gastrointestinal micro-
biome in children with autism spectrum disorder: a systematic review.
Shanghai Arch Psychiatry. 2013;25(6):342-53.

Hold GL, Hansen R. Impact of the gastrointestinal microbiome in health
and disease: co-evolution with the host immune system. Curr Top Micro-
biol Immunol. 2019;421:303-18.

Tamburini S, Shen N, Wu HC, Clemente JC. The microbiome in early life:
implications for health outcomes. Nat Med. 2016,22(7):713-22.
Robertson RC, Manges AR, Finlay BB, Prendergast AJ. The human micro-
biome and child growth - first 1000 days and beyond. Trends Microbiol.
2019;27(2):131-47.

Chen C, Yin Q, Wu H, Cheng L, Kwon JI, Jin J, et al. Different effects of
premature infant formula and breast Milk on intestinal microecological
development in premature infants. Front Microbiol. 2019;10:3020.

. Yang |, Corwin EJ, Brennan PA, Jordan S, Murphy JR, Dunlop A. The infant

microbiome: implications for infant health and neurocognitive develop-
ment. Nurs Res. 2016;65(1):76-88.

Ahmed SA, Elhefnawy AM, Azouz HG, Roshdy YS, Ashry MH, Ibrahim

AE, et al. Study of the gut microbiome profile in children with autism
Spectrum disorder: a single tertiary hospital experience. J Mole Neurosci.
2020;70:887-96.

Ho LKH, Tong VJW, Syn N, Nagarajan N, Tham EH, Tay SK, et al. Gut micro-
biota changes in children with autism spectrum disorder: a systematic
review. Gut pathogens. 2020;12:6.

Delzenne NM, Knudsen C, Beaumont M, Rodriguez J, Neyrinck AM,
Bindels LB. Contribution of the gut microbiota to the regulation of host
metabolism and energy balance: a focus on the gut-liver axis. Proc Nutr
Soc. 2019;78(3):319-28.

Wahlstrém A, Sayin SI, Marschall HU, Backhed F. Intestinal crosstalk
between bile acids and microbiota and its impact on host metabolism.
Cell Metab. 2016;24(1):41-50.

Koh A, De Vadder F, Kovatcheva-Datchary P, Backhed F. From dietary Fiber
to host physiology: short-chain fatty acids as key bacterial metabolites.
Cell. 2016;165(6):1332-45.

Cummings JH, Pomare EW, Branch WJ, Naylor CP, Macfarlane GT. Short
chain fatty acids in human large intestine, portal, hepatic and venous
blood. Gut. 1987;28(10):1221-7.

Heinken A, Ravcheev DA, Baldini F, Heirendt L, Fleming RMT, Thiele I. Sys-
tematic assessment of secondary bile acid metabolism in gut microbes
reveals distinct metabolic capabilities in inflammatory bowel disease.
Microbiome. 2019;7(1):75.

Logue JB, Stedmon CA, Kellerman AM, Nielsen NJ, Andersson AF, Laudon
H, et al. Experimental insights into the importance of aquatic bacterial
community composition to the degradation of dissolved organic matter.
ISME J. 2016;10(3):533-45.

Meng H, Matthan NR, Wu D, Li L, Rodriguez-Moraté J, Cohen R, et al.
Comparison of diets enriched in stearic, oleic, and palmitic acids on
inflammation, immune response, cardiometabolic risk factors, and fecal
bile acid concentrations in mildly hypercholesterolemic postmenopausal
women-randomized crossover trial. Am J Clin Nutr. 2019;110(2):305-15.
Nauta AJ, Ben Amor K, Knol J, Garssen J, van der Beek EM. Relevance of
pre- and postnatal nutrition to development and interplay between

the microbiota and metabolic and immune systems. Am J Clin Nutr.
2013,98(2):5865-935.

Guarner F, Malagelada JR. Gut flora in health and disease. Lancet.
2003;361(9356):512-9.

LeBlanc JG, Milani C, de Giori GS, Sesma F, van Sinderen D, Ventura M.
Bacteria as vitamin suppliers to their host: a gut microbiota perspective.
Curr Opin Biotechnol. 2013;24(2):160-8.

Russell WR, Hoyles L, Flint HJ, Dumas ME. Colonic bacterial metabolites
and human health. Curr Opin Microbiol. 2013;16(3):246-54.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

Page 11 of 11

Round JL, Mazmanian SK. The gut microbiota shapes intestinal immune
responses during health and disease. Nat Rev Immunol. 2009;9(5):313-23.
Perez-Mufoz ME, Arrieta MC, Ramer-Tait AE, Walter J. A critical assess-
ment of the "sterile womb" and "in utero colonization" hypotheses:
implications for research on the pioneer infant microbiome. Microbiome.
2017;5(1):48.

Backhed F, Roswall J, Peng Y, Feng Q, Jia H, Kovatcheva-Datchary P, et al.
Dynamics and stabilization of the human gut microbiome during the first
year of life. Cell Host Microbe. 2015;17(6):852.

Hollister EB, Riehle K, Luna RA, Weidler EM, Rubio-Gonzales M, Mistretta
TA, et al. Structure and function of the healthy pre-adolescent pediatric
gut microbiome. Microbiome. 2015;3:36.

Ringel-Kulka T, Cheng J, Ringel Y, Salojarvi J, Carroll |, Palva A, et al.
Intestinal microbiota in healthy U.S. young children and adults--a high
throughput microarray analysis. PLoS One. 2013;8(5):e64315.

Ohira H, Tsutsui W, Fujioka Y. Are short chain fatty acids in gut microbiota
defensive players for inflammation and atherosclerosis? J Atheroscler
Thromb. 2017,24(7):660-72.

Blaak EE, Canfora EE, Theis S, Frost G, Groen AK, Mithieux G, et al. Short
chain fatty acids in human gut and metabolic health. Benefic Microbes.
2020;11(5):411-55.

Peng L, Li ZR, Green RS, Holzman IR, Lin J. Butyrate enhances the
intestinal barrier by facilitating tight junction assembly via activation

of AMP-activated protein kinase in Caco-2 cell monolayers. J Nutr.
2009;139(9):1619-25.

Rodriguez-Morato J, Matthan NR. Nutrition and gastrointestinal micro-
biota, microbial-derived secondary bile acids, and cardiovascular disease.
Curr Atheroscler Rep. 2020;22(9):47.

Staley C, Weingarden AR, Khoruts A, Sadowsky MJ. Interaction of gut
microbiota with bile acid metabolism and its influence on disease states.
Appl Microbiol Biotechnol. 2017;101(1):47-64.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Development of gut microbiota along with its metabolites of preschool children
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Participants and sample collection
	Gut microbiome measurement
	DNA extractions
	PCR amplification and 16S rDNA sequencing
	Data analysis

	Determination of bile acid level
	Determination of SCFAs level
	Statistical analysis

	Results
	Diversities of gut Flora
	Compositions and functions of gut Flora
	Level of bile acids
	Level of short chain fatty acids (SCFAs)

	Discussion
	Conclusion
	Acknowledgements
	References


